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The dev elopl7len t of t he .§;(~nchro ni s i ng Devi ce . 

I.	 The pr obl em: 

The problem s ubnu t ted w,-,s as f ol.Lows : 
I n long-dis tance telegraphic traffic using aut omat i.c l etter by letter 
synchronised cypher machines; sp ecial difficulties in ~orking ar e en
count e ed -as the r esul t of interf erence impulse s in the lines of com
municat i on (LIT and especial~ I~~ ) fre quent~ causing the cypher mach
ines to slip out of synchro~isat ion bet~e en the t r ansmitting s tations 
and the re cei vi ng stations. As t he r e-setting of a cypher machine alqqys 
takes a cer t ai n funount of time; valuable time is lost as a result of 
these inter rupt ions . An apparat us is the r efore to be evolved whf.ch v:rill 
prevent tte de-synchronisation of the cypher machines and is e special~ 

suitable f or use in connection 'lith :tI T. 

The solut i on: 

Th exact synchronisation of the receiving cyphe r mac hi ne with t he 
transmitting cypher machine is achi eved by ke eping the transmit ting and 
r eceiving -cyphe.r machi nes synchronised by providing each vlith its own 
quartz-crystal controlled drive. 'ilhen -Graffic commences , both cypher 
machines are started by an bnpulse given by the transmit t ing side. 

II.	 l'let hod of wor ki ng : 

1.)	 The transmitting station asks the r ec elvlng st ation by morse trans
mitting key whether it is prepa r ed to receive. 

2. ) The cypher machines are then set in the prescribed starting posi

tion.
 
When the r eceiving station has everyt hi ng prepared for wor ki ng , the
 
receiving s t ation asks the transmitting station to transmit the
 
"synchronising s.i.gna.L",
 

4. ) The transmitting station actuates the Itsynchronising signal" and 
control impUlses are transmitted. 

5. )	 The receiving station brings its machine into the correct phase 
position vri.th the transmitting machine. 
(a)	 Coarse adjustment: The r eceiving mechanism is brought into 

the correct phase pos i t i on by means of a press-button control. 
Lagging behind or straggling ahead are indicated by respective 
glow-lamps, which fade out when the correct phase position i s 
reached. 

(b)	 Fine adjustment: By means of the same press-button control, 
an ammet er vl i t h its zero in the centre is set to "zero". The 
same phase for the control waves beh,een the transmitting sta
tion and the r eceiving st ation is thus achieved and a start can 
now be made. 

6. ) The r ece i vi ng station now asks the transmitting station by means of 
the morse transmitting key: "Please s end the 'advance signal'." 

7. )	 The transmitting station actuates the "advance signal" switch and, 
after the third of such signals, whi ch are indicated by the lightiqg 
~p of a glow-lamp, puts the starting switch over. 

8. ) After the third lighting up of the "advance signal" lamp, the re

ceiving station likewise ~uts its starting switch over.
 

9.)	 When the s t art i ng switch is put into operation at the t r ansmit t i ng 
station and at the receiving station, the transmitting and receiv
ing cypher machi nes are started synchronous~ by means of the trans
ari t t i ng mechanism at the transmitting station and the receiving · 
mechanism at the receiving station, ~hich are already running syn
chronous~. The line is thus r eady for wor ki ng in one direction. 
To achieve a synchronised start in the other direction of traffjrL 
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I.	 The pr oblem: 

The pr obl em s ubru t t ed Wi...S as f ol l ow.... : 
I n l ong- di s t ance t elegraphic traffic using aut omat i,c letter by letter 
sy nchronised cypher machines, special difficulties in TIor ki ng ar e en
countered as the re s ul t of interference im2ulses in the lines of com
municat i on (LIT and especially t~~ ) frequently causing the cypher mach
ines to slip out of synchro~iBation oevueen the tr ans ~utting st ations 
and the receiving s tations. As t he r e-setting of a cypher machine alITays 
takes a cer t a i n runount of time, valuable time is lost as a r esult of 
these inte r rupt i ons . An apparatus is therefore to be evolved wh.i.ch will 
pr eve nt t.h e de-synchronisation of the cypher machines and is especially 
suitable f'or use in connection wi t h \·ijT. 

The	 so l ut ion: 

The exact sy nchr onis a t i on of the receiving cyphe r machi ne wi t h t he 
transmitting cypher machine is achieved by keeping the transnutt ing and 
receiving cypher machi nes synchronised by providing each YfUh its own 
qua.rtz-crystal controlled drive. "dhen "Graf fic commences , both cypher 
machines are started by an Dl~ulse given by the transmitt ing side. 

II.	 1~ thod of worki ng : 

1 • )	 The transmitting station asks the r ecelvlng station by morse trans
nu t t i ng key whe t he r it is pr epar ed to receive. 

2. ) The cypher machines a r e t hen s e t in t he prescribed starting posi

tion.
 

3. )	 ifhe n the r ec eiving station has everything prepar ed f or wor-ka.ng, the
 
receiving station asks the transmitting station to transmit the
 
"synchronis ing signal".
 

4. ) The transmitting s t at i on actuates the "synchr-orri.s i.ng s LgnaL" and 
control impUlses are transmitted. 

5. )	 The receiving station brings its machine into the correct phase 
position with the transmitting machine. 
(a) Coarse ad justrnerrt s The receiving mechanism is brought into 

the correct phase position by means of a press-button control. 
Lagging behind or straggling ahead are indicated by respect ive 
glow-lamps, which fade out when the correct phase position is 
r eached . 

(b)	 Fine adjustment: By means of the same press-button control, 
an ammeter vli t h its zero in the centre is set to "zero". The 
srone phase for the control waves be~,cen the transmitting s t a 
t i on and the r eceiving station is thus achieved and a start can 
n0;7 be made. 

6. ) The receiving station now asks the transmitting station by means of 
the morse transmitting key: "Please send the 'advance signal'." 

7• )	 The transmitting station actuates the "advance signal ll switch and, 
after t he third of such signals, ~hich are indicated by t he lightiqg 
up of a glow-lamp, puts the starting switch over. 

8. ) .After the third lighting up of the "advance s i.gnal," lamp, the re

ceiVing station likewise ~uts its starting switch over.
 

9.)	 When the starting switch is put into operation at the transDutting 
station and at the receiving station, the transmitting and receiv
i ng cypher machi nes are started synchronous~ by means of the trans
mi t t i ng mechanism at the transnutting station and the receiving 
mechanism at the receiving station, whi ch are already running syn
chronously. The line is thus re ady for working in one direction. 
To achieve a synchronised start in the other direction of traffic, 
the process is repeated, the r eceiVing station taking over the trans
mission and the transmitting station the reception. Every sy nchron
ised station thus ci"ln,':::i.sts oJ: a compl ete transmitting and r eceiving 
s+;.g'(;-i () n s.n t hrt1- f · r l ~ ·".-·~ ·~ ,"l l " "1A · ~ +;rPt:ff· ~n ' i ~ nr""\ r:! l:'-l r-1 n 
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III. Description of the cons tz-uct i.on of the Synchronised TeleprinGor 
matalratron: 

Synchronisation bet~een t ranSnD.tter and receiver demands that 
the teleprinter signals transmitted shoul d s tand in correct rcldion
ship to t he current impulses fixed by the synchronisation. On the 
other hand, it mus t at any time be possible to transmit by hand on the 
transmit~ing teleprinter, series of letters , figures or signals strung 
together at ,-;il l . This requirement is satisfied by using a double 
cof.Lector, which is loaded by the teleprinter LmpuLses coming from t he 
te16printer (F~i) or the automatic transmitter (AS) and whose triggering 
is controlled by the transmitter distributor (SK) by means of synchronised 
cams. 

In p.r.inciple, the follovl~.ng may be aai.d in connection ',-rith the 
triggering of a~ giv3n teleprinter message: 

If the s ignal is synch:-onised with tho "SKit, it can be triggered 
straight avray. If it lags behind in point of view of time, it must be 
stored up until "SK" reaches its starting point again and undertakes the 
triggering. Care muat be taken that no further s ignal ent e rs the appar at us 
wID.l e t he stored signal is being triggered. The introduction of a double 
collector is the:cefore unavo'i.dabLe, This double collector consists of tyro 
sets of five t elegraphic r eLaya , 

Through the start-stop distributor (PK), 10 mSGC are sorted out 
from the i ndi vidUal curr ent steps of the teleprinter signals transmitted 
and fed alter nat e],y to collectors 1 and 2. The IlPKlI shaft is driven on 
the start-stop principle via a friction clutcho The pr eparat i on for and 
the comnencement of the trigge ring of the collector relays are effected by 
"PK" and "SKit. As soon as the first Signal implJ.lse is stored up in t he 
collector, the triggering of the collector is prepared in "U". "SK" can 
then trigger the collector synchronous~ and pass the signals i nt o the 
cypher machine, whence they ar e transnutted enoyphered. 

B.) Receiver. (Fig. 2) 

The r eceiver picks up the incoming signals and starts the "PK" 
sys t em, whi ch i s driven through D. friction clutch and distributes the 
incoming teleprinter impUlses to the collector IIAiI. 

The synchronised distributor "SKtI passes the stored impUlses from 
the collector synchronously to the cypher machine, wher e they are decyphered 
and collected in the addi t i onal col l ect or of the receiver. 

The additional collector of the receiver: if the transmitting 
teleprinter (F" ~ ) is at "atop", the transmitter sends cypher text. On 
decyphering, fi~e blank signals reSUlt. The receiving teleprinter (Fl~) 
wouLd not, however, r emain at "stop" like the transmitting "Fl\'~Stl, but 
would be constantly started and stopped without, however, recording any 
signals; the impression is given that the machine is running continuously. 
The I1F}!~" should behave exactly the same as the IIFI:fs", It shouLd furt her
more be possible to send two-way traffic, ioe o it must be possible to trans
mit and r eceive alternately with one machine o The switching-over of the 
machine from "Transmit" t o "Receive" is to be aut omat i c and dependent on t he 
incoming signals. As long as the text is coming in, the machine is to be 



switch d to "Receive", but as soon as consecutive blank signals arrive, 
the machine is to cut out r ecept i on and be ready to transmit. The 
decision as to whether text or blank signals are being received can, 
hONever, on~ be made after the fifth signal, as the cutting-out and 
switching-over' can on~ come into ef fa ct if all five signals are blanks. 
Therefore, the signals in the r-eoeiver-, af te r decypherd.ng, must once 
more be colleoted and triggered. This t ask is taken over by the 
auxiliary collector bogethea- viith trha distributor IiSK2". 

C)• Synchronisat i on. 

On the synchronising SY/itch being pat overs' the transmitter sends 
6 comple~e t 3leprinter s i gnal s without current and one with current. This 
pr-ocedur-e :;.8 r epeated periodical~. 

e ) .92~__I!ldi cat i on (Fig o 3). 'I'ho signal wi "t;h current serves as aQ 

coarse ina.:!.ca·~ :i.on~ The r-ece.iver is sync hroni.sed wi t h this s i gnal during 
the starting perd.od, Tne sta-r:ting perioJ lasts '1050 ms ec , This period is 
nec esaary Ln r;~::, rle r to ensure that the s -:;nr t i ng swi.i.ch is turned. on for 
starting. Tt7 0 gl.ow-Lamps servo as in<licaJ;;o:;.~s and have to be extLngua.shed by 
means of the phase re ::; ,-ll ator~ whi.ch is eff oot ed by "bLackd.ng OL:t 1I the whole 
signal by me ane of cams 1 and 20 

b) 0 Fine indication (Pig" 2..). The f i ne indication enables t ho J:)haSG to 
be aGc '..l raJlic~ adjusted:' For t he purpos e 0;.' me asuring the phase , the falling 
side of the stop of' t h8 Lncorm.ng si gnal is compared vlith the falling side 
of a signal pr-oduced in the recei ve r-, vrhi.ch hac been moved through 180 
o. egl'ees. By alter i ng t he di O.es? Yoltagc-p-:w.ks ar-e pz-oduc ed which control 
t yro saw·-tooth gener-at oz-s , A movi.ng coil meter indicates the direct current 
ccmponents be t ween t he two generators and this is the measurement of t he 
phase deviation betwe en the transmitter and the r eceiver. 

By switching on the "advance s Igne.L" swi.toh, the stop signals ce ase 
to be transmitted. The complete signal of 115 msec is now o~ sent out 
eve~J 1050 mcec. After the advnnce signal lamp has been lit uv three times, 
the starting switch is actunted in the transmitter and in the receiver. 
Actuating the switch is on~ a preliminary to starting. The actual start 
is ef f ect ed by two paral l el cams of 1050 and 150 msec duration. 

E.) Drive (Fig. 5). 

The following is used as the regulating principle for the synchroni sed 
drive: Periodic loading of a single arw.ature transformer on its slip-rings 
by means of a thyratron switoh. The thyratron switch is contrclled by the 
quartz frequency of 83 1/3 Os obtained by frequency division. 

To synchronise the motor, the latter is overexcited on bei ng switched 
on. The excitation declines slow~~ thus causing the number of revolutions 
to rise slow~. After the nominal number of revolutions is reached, the 
modulator indicates a f requency of zero a nd the excitation then remains const ant . 

The modulator compares the frequency of 831;3 CS derived from the 
quartz with the frequency derived from the motor. !r ooth agree exact~, 

the value of the matched exciter current is maintained via the starting 
arrangement and the excitation remains constant. 



I V. 

1. 
volts, 

2. 
170 

3. 
f ore , 
fore, 

4. 

r eohnical at ~ .
 

The synchronising installation is designed for voltages of 110 - 250
 
50 cycles. 

{hen working from 220 volt mains, mai ns voltage fluctuations i n the 
250 volt s are automatically smoothed out f or the appar at us . 

The t eIegz-aphy code can be arranged for 7 or 7'~o In one direotion, 
out put is about 500,000 l etters per day; .n t h four ··channel ~ork ing , 

>c 
~+r ange 0" 
o .... - . 0 
~ trl 

t here- ~ P 
t here- ~ ~ 

it woul.d t hus be about 1',000,000 letters per day for both directions. ~ ;!; 

. ~ ; /The en~yphering apparatus is designed so as to be capable of being removec ~ 0 
separately: so t hat it can be changed as occasion demands. For experimental I 
purpos s, t he oypher drums (which are well known from normal t eleprinter operatic I 
f r om the cypher-ing at tachme nt of I.lossr s . LORENZ of 1IUl hause n, vre s:e used; - - --, 
The f i rm it self ha s also made attempts to improve the cypher machine, but the 
experiments Goula. not be completed owi.ng to the vrex , 

50 The accuracy of the quartz control is of the or der of magni t Ude of 
10-7/seco The synohr onisi ng apparat us can r un for 10 to 12 hours Vlithout 
re ci pr ocal phas e comparison, vdthout f al l i ng out of step during that time. 

v. General f acts in r egard to the synchro ~1i sing ins tallation: 

1. The synchronisi ng installation can be tJ.s ed for t wo differe nt types of wor k, 

a )	 As an independent line ~ t raffic pas sing onIy be t wee n one tl/ T station 
and anot her o 

b)	 As part of a teleprinter net~ork, Ihen f or i nstanc e , a If/ T synchronised 
line is s~it che d into a normal L/T t elepr inter network. In t hi s 
case , the synchronised line ~ould be connected to the T/P exchange 
by means of the four-channel sy s tem. 

2. The synchronising installation is to a large exte nt oompletely aut omat i c 
and therefore re~uire s only- a very small staff of operators, 1 to 2 me n sufficing. 

3. As t he cypher machines ar e running constantly in the synchronising i nstalla
tion, t hey transmit pure cypher during the times when no t eleprinter signals are 
being sent. peak periods or slack per i ods of traffic cannot therefore be recog
ni sed by stud,ying the W/ T traffic, as, the traffic is camouflage d. 

4 . The synchronising installation permits t he use of any modUlat ion processes 
that may be desired for Wi T transmission. The keying r el ay of the synchronising 
installation supplies double current. 

VI. state of development. 

As regards the development of II synchronieat ion" , at the beginning of 1945 
t her e was a complete link consisting of ~70 s tat i ons e ~uipp ed wi t h the usual 
normal teleprinter CyPhering at tachme nt for exper iment al working. The link 
Vlorked between the FEUERSTEIN l aboratory at EBEIli:~TNSTADT and the experiment al 
post of Professor VIERLING at ~~NNEBO STEL near HANOVER. 

During conveyance from Vffil',TNEBOSTEL via PL.tThTKEN/IIIAGDEBURG to here, a com
plete station (inclUding a large number of constructional documents) was lost as 
the r esult of aer ial attack on the ar ter ial road near HE1ll,~DORFER KREUZ, so that 
only one station is available at the moment • 

.Af te r r eplacing t he lost apparatus and a brief, final period of expe r i 
mental ~orking, which has not so far been carried out owing to l ack of time, t he 
dev e'Lopmerib of lI s:i l1chr Qn·.i.e3.t:'.on" YIO\J.~a. be compLet e and it could then be turned 
over f or: r-09 FI~blc :naClu...::'a('::'i.j..j7o ., 
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t1.Artificial Spec'1h" :p'paratus 

The Problem: 

The problem was to deve Iop an appar-a't us for telephonic 
encypherment whi ch could also be used for Wi T . It is therefore essen
tial, under all circ~~stances] th~t a constantly verying c~~h6r io 
available. 

Jis we had had no pr-evi.ous exper-aerice that would help to 
solve this problem, Vi'e decided at first to evo.lve individual oomponents 
from which we could build up an "uncrackab.Ie " apparat us. It then 
occurz-e d to us "chat the suggestion put f'orward by H. DUDLEY of the 
BELL TELE.t'HONE l.c,BOHLTORI ES offered consi.darab Ie prospecto; this sug
gesti.on Lnvo.lve d the splitting up of the speech in'co its individual 
characterist::..cs , whioh are then trD...'1.smitted by se Lecte d carrie:,s. 
The speech is afterwm-ds ar tificialJy- r-eproduce-I L1 the r eceiver' by 
coat:::-olli~:g these characteristi os . This appar-abua would r...ot, of 
course, pz-ovLde absolute enoypherment , but or.Ly sc:::·aml.JJing. .A so-called 
channe Lescr-amb.lang, i. e. a periodic or permanent variation of the 
ass:i.gnment of the in~,ividual carrier fz-equcnca.e s to t:1e ohar-ac ter-La
tics wouLd also fail to produce a real enoypherrnent . We planned to 
carry out a total encJ~herment of tb~se characteristics by superimpos
ing interference direct voltag9s s im~ la:' to speech in each channel, 
compensating these interference voltages agair. in the receiver. 
Further'mor-e , the a!J'lllli t ude rrodu'la t i.on of t he indiv:_dL~al speech ohanne Ls 
was to be replaced by frequency tnodu Lat Lon, It hac not hitherto 
been possible , h~i'ever, to test these two methods. To put the~ into 
execution wo ul d require a consider.able time for development befure 
they wouLd be ready for operational use and plans were therefore made 
to obtain an adequate cypher by combining artificial speech with 
another method, that of "three-fold wobbu.Latdng ", which is described 
in another seotion. In this co~nection, the cypher period is derived 
from a telegraphic cypher which is already available. 

Description of the construction: 

1) Trans~tter. The cirouit oan be seen in Fig. 6. The speech fed 
to the transmitter is split into 8 frequency bands of 180 - 3060 Cs 
by the band-fiiter (Fig . 7). The 8 partial bands thus obtained are 
amplified to determine their povrer oontent and rectified (Fig. 8); 
the direct potential t hus obtained is a measure of the speech pOYier 
contained in each frequency band. The 8 carriers are next amplitude 
modulated by mean s of these 8 direct volt ageD (after they have been 
filtered through low-pass filters of 30 Cs each) and passed together 
to the line. The available frequency band could easily be restricted 
to 300 - 2400 Cs by choosing suitable carrier frequencies, but this 
woul d entail increased expenditure in buildLl1g the carrier filters. 
For the sake of completeness, it should be mentioned that we have 
constructed a laboratory model with 15 speech channels, but found out 
by experiment that the quality of the speech suffers only very slightly 
when only 8 channels are use~, if the frequency range usod is the 
same. 

The transmission of a characteristic for the fundamental 
pitch and the periodic pitch fluctuations of each speaker are essential 
for the faithful reproduction of the speech in the receiver. During 
development, the measurement of this fundamental tone caused us tremen
dous difficulties. The amplitudes of the fundamental tone are always 
subject to great fluc tuations and, in some cases, are just non-existent, 
so that they have to be produced artificially from their overtones by 
-f".,..Ol""l'1a,.,,,u ';Y'\+C".l'V'lT'n('\~1,1 ...... · ~ "; f""'\'r\ "''-'r'l. ~""";""'_';Y"'\ll'::'lo r. -P +~ .: . ~ •I 
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The spe ech p asses through a 180 - 660 Os band filter and a 
l ogari t hmi c a mplif ier to tho f r e quency i n termodulator , whi ch produces 
t he f unda mental tone ar t i f i c ially by modu.LatLng sever -a.L overt ones 
together. The f'undarnen t a L rtone thus pr oduce d is t ake ri through .J. second 
band-pa s s an d a further aD~ Lific r to a multi-vibr&tor, wh i ch transforms 
the sinusoidal a Lt crna t ing vo.Lt age s put into it into rectangular vol
tages of con stant a mpl i t ude . This r ectangular volt age is dif f eren t iate d 
Ln the i mpulse stage; t he p eaks J~h us obtained, the number of whi c h is 
proportional to the frequency of the f'uridamen t a L tone, are r ectified 
and uned vi& a 30 Os l~7-p a ss for modulating t wo Gerr ieI' fr equencies. 

t f irs t sight it i s not a t a l l apparent why the modu.lat ion of two 
car -r-i.er-s should be nece ssary , but this is merely a sar'e ty measure in 
or der t o e nsur e fun damenta l tone control by t h3 re ce i ver side in the 
e ven t of tr..e p as s i ble f ailure of a carrier. 

An acdi t iona l diff i c ul t y is the l ater i nclusion of a de v i ce 
f or svri tohing over the c arrier assignment to the :bdi vidua l ch&racter
Ls t i.o s , 

Rece ive= (Fig . 11 ) : The 10 cnrrier f re quen c ies c omin g from 
t he Line are s epara t e d by a corre sponding P.. L'm1:Je :::· of carrier fi lters 
(Fig . '12 ) and t aken t o the o.p1-'ropr iate sp eech or co ntro l c hann e l s . In 
t he spee ch channe Ls , t he c har-ao't er-L s t 'i. ca p roduce d a t the tr- an smi ttcr 
a r e recove r e d by r-ec t i .f'Lc ut.i.on and us e d fer modulation wi t h the appro
p r Late ha.rmonics f'r om the Lmpu.t.so or noise gener-at or . The i mpulse 
ge er a t or (F i g. 13) ser ve s to produce the harrnoni,c frequencie s pre sen t 
i n t he spee ch ; whilst the noise ge ne r a t or (Fi g . 14 ) r epr-oduc e s the 
urrr o.Loed, unha rrnom. c aounds of spee ch . Tho carr' Lo rs Clssign 0. to the 
corrtr-oL ch annels are l ikevri se r c (:'i.; i fie d and us e d f or c ontro lling t he 
f undamen ta l p it c h of the h<r_',nonic ge nerat or (i mpLll.se gener-a t or }, If 
no direct volta ge is presen t in these channels, the changeover swi.t ch 
(Fi g. 15) connects the n oise gene rator to the spee ch channels, whilst 
on the a9pe&r E'~c e of a direct voltage this conne ction is cut of f an d 
the harmonic gener a t or s~~ t che d in instead. The 8 fre quencie s Occ ur 
ring be hi nd the modulators in the sp ee ch chan nels are t ak en t hrough 
fi lters an d svritched in togethe r and now form the arti f i cial l y pro
duce d speech. For the practica l working of the app2ratus , it is 
necec sary for both transmitter a nd r eceiver to be pr ovi de d w.i th a 
call- shunting device f or carrying the call impulse. In a ddit ion , 
there i s a n indi c8.t L~g amp l i f ier behind the input ampl i f ier of uot h 
the transmitter and the r eceiver in order t o be a ble to corrbz-oL the 
r e quisite l evel and se t it. 

state of the wor k : 

The synthet ic spe ech pro duc t i on ins t allati on i s 8. lmos t 
campl t o as r egards it s metal l i c structure. Only t he meloqy trans
mi t t e r , the impulse ge nerat or , t he noise ge nerator , the change over 
switch , the mai ns unit a nd the input and out p ut amp l i f ie r s a r e lack
ing. All c ons t r uc t iona l data have be e n de ter mip-e d, horrever, for t he 
c omponent s still outstanding. 



TOP SECRET "u•• 8. 

Thr ee-fold wob bl in~. 

As a lready mentione d i n t he repo~t o~ ar t i f i cial speech, in 
o bt ~i ni ng en ade quate cypher, another p roc~ 33 was' developed consisting 
of the combination of mu lti~wo b b l ing with ring Lnve r-ai.on and designated 
as three-fold w ob bl~n~ (WTV ) . The basic pr ocess in the transmitter 
(Fig. 16) is as fol ows : Tl"e speech band of 30Q- 2400 oyc Le s is dis
p laoed in fr equency in two par-a Ll -e L moc.~ ::', t or s (Pig . 17) on the input 

Iai.de by a sui t ab l e chod.ne of cox-r i c!' ~r eq:len8ies , so t hat a f t er filter ----" 
ing out the Lower ai.de -ibands there are pr oduce d -t.,':) adjaoe nt Lnvcr-ted 
frequency bands pos sessing t oge ~her tv~lce th~ s~ee ch-band breadth 
(4200 cycles). Thi s new bond of 4200 oyoLe s breadth is impelle d to and 
fro in fr ont of a ban d- f i l t er of 2100 Ca breadth (Fig. 18) by a modu
lator with cont inually varying carrier frequenoy (wobbLe carrier) in 
s uoh a way that a con stantly ohanging portion is filtered out of the 
42 'J0 oyoLe band i.n which, however, all t he frequenoies or-LgLna .l.Iy pre se nt 
are st ill pr e sen t but in a c onstantly ohanging p Lace . j,f t er t h;.s first 
w obbl~ng , t ho :lew ban d of 2100 Os breadth i s split oy f ilters into two 
hnl f.-bands each of 1050 oycles , each of whi oh is separateJy and simi ler~ 

invert ed &nd wobble d a s in the first stage of the total band. Thi s 
divi s i on int o two adj aoent b e~dG eaoh of 1050 cyo les frequency band 
br'eadch , bo t h of whi oh are wobble d with dissi milar wobble s trokes, is 
t o dest roy the speeoh t ext ure. The t wo new ha lf- bands cb~ ained af ter 
pas sing thr ough t he second s t age are aga i n combined t o f or m a total 
ban d cf 2100 cyoles breadth, whi ch i n the th i r d s t age is onoe ag ain 
r i :lg- i nvcr t e d an d wobbl vd . Af ter pas sing t~ ro ugh thi s stage , t he bend 
whi ch i s in t he r-ange of 13500 to 15600 cyole s as a r e s ult of r epeat ed 
modnlat i on , is r e duced by further modu.Iat i.on t o the range of 300 t o 
2400 oycLes and passed to the line. The fixed carrier frequenoie s ar e 
p r o duc~d i n gener at ors (Fig. 1~) working on t he pr inci ple of t he Transi 
t ron ci r c ui t and having an adeqlU:.te fr equency constanoy. The woobl e 
fre quenoies are pr oduoed in r eaction gene~at ors , whose f re quency oontrol 
for the final apparat us is derived fr om an alrendy avai labl e t elegraph 
co de and is desoribed separate l y . 

In the r eoeiver (Fig. 20), the same precess a s in the trans
mi tter t akes pLace in exa c t ly the r everse order . .A de t ai led desor i pt ion 
of the individual fre quenoy transpositions is t heref ore s uperf l uous . 

In or der to r eproduoe the speeoh f aithfullY i n the r eceiver, 
it is unoondi t i ona l l y neoessnry to synohronise t he f our different 
wobbl e frequenoie s (whi oh ar e constantly a l ter i ng ) i n the transmitter 
and i n t he r eo eiver. The l aboratory exper i ment s so f ar carrie d out ,er e 
a t f ir st undertak en wi t hout syn chronising equi pment . For t he sake of 
siw~lio ity, t he r espe otive wobble frequ enoies f or the transmi tter and 
r eoeiver were t aken from the same wobble generat or. 

Owing t o t he l arge number- of modul a t i ons ooc urr ing, the 
hi zheat degree of performanoe bad t o be demanded of t he fi l t er s empl oyed 
in orde? t o avoi d a l l undesirable modulation products. The occ urrenoe 
of gaps in the tot ~l frequenoy band of the speech, ~~ich would appre
ciably r eduoe the quality of the speeoh, was avoi ded by a speoial 
ar t i f i cial oirouit for s teepeni ng the sides. 

An earlicr l nboratory three-fold wobbling mOdel, built by 
us vvith filters that did not sati s fy these high demands, failed to 
produoe speech of ade qua t e quali t y owin g to the frequenoy gaps on 
leaving the receiver. 
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state of the work. 

The following ar-e ava i lable : Filtern, ampl i f ie r s , modu.ta
tors, gene rators and. f our meoharri.ca.L wobbLe generat ur s f or t r-an smi, tter 
an d r eceiver, constructed for use in t.l;e l aboratory. 

For the final de'sien of t he " uncr-ackabLe " app ar-a tius , it is 
intended to use the art ii' i c i a l sp eech t ransmit ter a::; a prelimin.ary to 
the three-fold wobbling. L t t he Lnput of the WTV t r an smit ter there 
wi l .l not then be pure speech, [",S t;he 10 carr::.6r s fr om the ar t i f i c ial 
speech appez-e.t us will be f ed in here. At the WT:V r eoeiver out put , then, 
the se carriers wi~l be taken to the artificial spe ech receiver, which 
tran sforms those charaoteristics in~o sj~ the t ic speech. 

§l:"'].ch:':'on~.Gir.g Lns t a.l l atrion for Pl:'oo.ucing the wobble-frequenoies 

f o~ three-fold wc~b ]i~g . 

For speech encyphermen t wi, th n'i7TVII (:::wobbulated total 
encyphering), four wobbl e fr equencies must :;e Led s:17lchronous l y and 
in equal phase to the WObbl e apparat us a t the br-ansmi,t t .i.ng D.P..d r-eceLvan g 
stations. The perio~~c course cf t hese fre quenci e~ mus t differ from 
each other a s much a s possi'ble and each wcbb.l, f'z-equency must pc.so 
through i lJS envi saged f r equency r'ange i_~~ -:: ~ i(;,) mos t d.i.scont inuous Vi BY 
possible. This t ask Ls solved in t he fo2.lo-ning "iVaj' (Fl g. 5): 

1.) The synchr-or..::' sing and :;;>ha sa equa.Liaa t Lon a t bho transmitt :1 ng 
and r eceiving s t ut i.onn is ef'f'ec t e c by q'ltTtz-cr,Yst al con tr-o.l.Led synchro 
ni si~g, ~S de?eloped in our l aboratory for telegraphio encypher men t . 

2.) The wobble f' r-e quen o d.e s QI'e produced by e Leccr-on'l.c ge nere t or-s 
(each of whose osci l lat or y circuits in~lude3 a variable condenser), 
which are rotated frcm the synchronising ppar&tus via special inter 
mem.ate gearing and thus bring about a variation of the wobble frequency 
wi t hi n the r ange dictated by the capacitanoe v L~i ation. 

3.) By al te r i ng the gearing ratio between the synchronising 
apparatus and the varie.b.le condenser, the intermediate gearing permits 
the periodic course of the capacitance variGtion t o be altered - depending 
upon the cypher signals that a r e transmitt ed by the t elegraphic cypher 
con t ai.ne d in the synchronising cppaz-a tus . 

4. ) '1'he different courses of the fOLU' wobbLe frequencies used 
are effected by the five impulses of whi ch each cypher signal consists 
being reduced via a collector and distributor t o f our different control 
impulses f or the intermediate gearing. 

Description: 

Re 1.): The control apparat us and t he cypher from the telegraphic 
synchronising apparat us can be used without alteration f or spe ech encypher 
merit . . The cypher-box wi th its drive is s i mpler, however , as the cams 
required for tie Iegraphy can be dispensed wi -ti h, It is r ecommended that 
it be combined, from the point of view of c on s~Tuction, with tho inter
mediate gear s and the collector-distributor. Starting, on cowooncing 
working, and the control of the phase position are, however, effected in 
a manner different from that used i n teJ.egro.phy, as the cypher signals 
are no longer transmitted t o the r cpc L.-ting station . S,ynchronising 
frequencies are transmitted via special carri er frequen.cv ah~nn~lo n ~ ~ 

--- _ .
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Re 2.): The usual e lec t roni c gene rator s wi t h r eaction are empl oye d 
f or genernt i ng t he wobble f r e quencie s . 

Re 3.): The task of the in t erme di a t e gear ing i s t o derive vari able 
n umbers of r evolutions from a constant number of r evolutions of a high 
degree of const ancy in ~uch a way that t he Jariations are clearly 
define d a ccording t o s i ze and phase anu apply t o t he t ransmi tti ng an d 
r e ceiv ing si des with the degr ee of accuracy impor t ed by the syn chro
nising gear . 

The wor king princj~le is a s f oll ows : The shaft coming f rom 
t he ayncbz-orn.af.ng gear car r i e s a oy scem of ecce nt ric di s c whi ch move 
i mpulse :~o :is t o an d fro, t he se i mpulse r ods being construc ted i n t he - ---, 

, 

f orm of to othe d z-cda . j~bo ve t he t oo t he d r ods are arranged gear whee l s 
,n t h whi ch t he t oothed r ods can engage, in s uch a way that in each 
ca se on ly one t eothed r od t urns t he geaL~ wheel, and the l at t er is a l ways 
turned i n t he same dire ct ion . The eccen t r i c disc s have m.fferent 
str okes so ' th at , accor ding to the identity of the too t hed r od engaged, 
the gear wheel shaft de sc r i be s a different angle of r otati on in one 
unit of time. To the ge~ whee l shaf t is coupled the variable condenser 
of the frequency generat or , whi Ch therefore exe cutes & non-continuous 
r otary movement . FOL~ different an g u lE~ velocitie s are provide d, so 
the picture presented by t he f ollovnng diagr am provi des an exanple of 
the per iodic course of a wobble fre quency: 

Course wi t hout intermedia t e gearkc/s ~obb le 
-,-

i :;"- 1<-. 

I
I 

Fre quen~y stroke 
I/', 

1 .., '1 I ~ ." I .Y/ I:~ : : : /; r :' . _, _ _1_ -..J
l 
!~/--I -- 'j - , - t- - I - I i50 ,-

I

I I 

I I , t I -71 ''i- I
DiagrD.Y.l 22. I I I mS I , 

The detai led met hod of wor ki ng , as shevrn in Figure 22, is 
a s f ollows: From the synchronisli1g appara t us is led off a s haft (1 ) 
whi ch per f orms half a r evolution in the uni t of t ime dur i ng whi ch the 
t ele6raphic cypher sends out a signal (150 msec ) . For each speed of 
r otati on of t he ge ar wheel shaf t (2), whi ch l eads t o the variable 
condenser, t here is &rranged on the ~h aft (1) a system of t wo equa l 
eccent r i c disc s (3), di sp laced vi~-a-vis each other by 180 degrees , 
~hi ch move the t oothe d i mpulse r ods (4) t o and fro in opposite direc
tions aga i nst t he r ecovery spr i ngs . In the l eft-han d. po s i t ion of 
r e s t, a brief but c omple t e immobi l i sat ion of t he t oothe d r od is 
effected by the special shape of the e cce nt r i c discs (3). During 
t hi s time an d dep ending upon the cyp her signal, the magnet (6) is 
exci te d and, by mean s of the t wo-arme d l ever (7), lifts the i mpulse 
r od (4) s o that the l atter's t oot hing engage s the gear whee l (8) on 
the shaft (2). s soon as the a dvance movement commences, the gear 
wheel (8) is ac tuate d t oo. Simultuueously, t he Fin (9) pe ne t ra te s 
t he upper groove of the slide bar (10) and thereby holds the t oothed 
r od (4) engage d with the gear whee l (8). The mag~e t (6) i s now nble 
t o r elease agai n . ' s soon as the advance movement ends, the t oothed 
r od (4) falls into the l ower groove via the right-hand end of the slide 
bar and thus becomes disengaged from the gear wheel , vmi ch now s tops . 
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This momen t i s s arnuLt aneo us .Iy t he be gb .n:Lng of t he bri.e f immobilisati on 
of the opposite - r unni n6 t oo thed r ods. ~ fre sh e neagemen t can c ome 
a bo ut by lifting one of t he ' opp osi t e - t oo t he d r ods, wher e upon t he r-ot ary 
mot ion of the ge ar v..heel wi.Ll, co n t in ue , acco r di.ng t o the i mpulse 
Lmpar t e d , a t the same or a t another anguLar velocity. The t oothed r od 
whi c h ha s just be en engaged i s s lrnul.t aneo usly t aken back t o the l ower 
groove of t he s l i de bar , during whi ch per iod n o engagemen t wi t h the 
"ear wheel wi ll be p os s i b le . When the oppos i t.e-z-unni.ng t o othed r od is 
lifted, in or de r. t o prevent the fir st r od f rom bei ng r a i se d a s we l l , 
the clear ance (11 ) is provided on the t oothed r od and this clearance 
r eceives the s lide b~ r oller on the l ever (7). For t he pairs of 
di scs and t oo thed r ods a s s i gned t o e a ch angul ar velocity, on l y a common 
lining magne t (6) 'wi t h l ever (7 ) is r equired. On the s hd't (1) there 
ar e fo~ s i,,~ lar do ub le syste ms, wh ose a dvanoe s are a l l different, but 
must i~ each c ase be a whole mul t iple of the s ame indentati on f or a l l 
t he t o othe d r od.s , so that a smooth engageme nt occur-s in eac h case . 
Af ter e a c h h~lf -r ot ati on of the s haft (i), on l y one of the f our magne t s 
is excited) a c co r ding t o how t he ool leotor -di stri')utor impar "l;s the 
i mpulse. Oor r-e cc insertion i s ensured by a contacf c on t rol le d by a 
c am on shaf t (1 ). 

Re 4.): The cypher c ontinuously tz-ansmi. vs s i.gnaLa whi ch are equa l 
as the r e sult of the syn chron i s i ng a t the t:cansmi tt ir.g an d r eceiving 
s t a t i.on s a nd whi c h c on rri s t of f ive LrnouLne s i n a c cor dance wit h the 
5-L'.nj.t a Lphabe t , In or de r t o ob t a i,n f r om on e s i 6nal f our anguLar
ve l oc i t :' es dif fe r i ng f r om each o t her f or c on t ro l l i ng the f o ur wobb le 
f requen cie s , ea oh of the f our :::'irst i mpulse s i.s c cnb i.ne d with the fifth 
Lrip u.Lse , Thus, four dif f e r ent comb'i.nata. cns ar-e p r -oduced i n each case : 

1) +-

'":I )
L ++ 

To each of t h e f our combinations is as ai.gne d a magne t of the r espective 
inter mediate gear i ng , so that, for i n s t ance, fr om t he signal - - + - + 
the fo l lowi ng imp ul se s are produced: 

F or the first wobble f re quency , i mpulse 1 w.l t h impuls e 5 - + gi ves velocity 3) 

.,'I secon d .1 2 i' 5 - + 3)" " " " " 
'1 II third " II II .3 " il 5 + + " " 2) 

' I II It '1" f ourth 4 5 - + " 3) • " " " 
'l'hese c ombinations are ob tai ne d in the collector-distribut or by means 
of r-e Lays , e. g. a ccor ding t o the circuit shewn in Fig. 23· The tri gger
ing of t h e signa l is e f fe c ted by c am switche s synchronously driven by 
the synchronising app arat us . 
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Scrambling appcrat us L01llilll ~j,USTEIN) . 

In or der t o make it di.f'f'LcuLt f or unau'thor-Lse d persons to 
ove r hear c onversations, t here wa s avail a'ole i n Ger Qany an appar& t us 
under the name of "Lnver- t er-" whi ch rever sed t he na tur- s L speech freq
uencies, i. e. t z-an sr'or-msd high :'n t o 1 0 1'1 frequencies and l ow int o high. 
Si nce t he scrambling effeot of t hi s device was almos t i nsignificC'n t 
af ter a shor t peri od of bec ominG c.c c lJ s tcme d t :J it ; it ha d t o be 
impr oved by an exte nded me t hod. 

'I'he r esults of f airly l ong exp erirrents yielded the f ollow
i ng ex eri.ence s : Every speech sound has, i n addition t o characteristic 
fre quen~i e s , a dy~amic peculiar t o it an d an osc i l lat i ng process 
pe cuLfar- t o it ; in many ca ses, e spe cial l y in r egard t o monosy l labic 
words , the presence of t he dynamic and the osc i l lat i ng process is 
q~ite suffi c i ent t o enable t he v~rd t o be r ecognised. Thi s r eoogniti on 
i s made particul ar ly easy whe ri, as the result of a fixed frequency 
change, the characteristio fr e quencies are moved into' ano t her , but 
still conillion, r ange. 

Takinr: i nto consi dera t i on the. f'ac t t .he.t the c os t had t o 
be a s l ow a s p os sible, th~ fo~lowinS ~xtended me thod was envisaged 
f or the construction of a scr w~blin g devi ce : 

1.)	 Restricting the spee ch ban d t o be trans rrQtted t o the fr equencies 
of 200 '- 1300 cycles. 

2. )	 The addi tion of a noise of equally g:reat l evel an d e qua l f r eq
uency breadth cont nining, if possib l e, a ll the speech frequencies . 

3.)	 The cons t an t mi xi ng of t he sp eech and noise ban ds in adjaoent 
frequencies by switohin6 ove~ , wi t h t he sp eoh band inverted i n 
addition . 

4.)	 Inf l uenc ing the switching over of t he speech qyna~ i c by aoce l 
erating t he switching over frequenoy . 

5.)	 The suppr ession of noise during pauses in spe ech. 

6. )	 An addit ion, t o be provided l ater if necessary, which delays, 
from the point of view of ti rrB, the aoce lerat ion r eferred t o in 
4.) in or der t o obtai n an effeot resembling an echo. 

In or der t o change back a t the r-eoe i.vang end the switching 
ove r t h&t has been carr ied out , the controlling of the s vi t ohing-over 
is passed currently t o that end in the f r equency band 300 - 4 00 cycles, 
whi ch is purposely kept f ree of speech fr equencies for the purpose. 
As , in t he case of ~v o-wire operation , tWD non-synchronised oontrols 
are present on t he line, even whe n a t hird r ece i ver suitable f or this 
sorambling proce s s is ffi~ tche d i n , eave s dropping is as a rule impossible 
beca use no unambi guous oontr ol i s pre se nt . 

To t est this apparat us by wor k i n[ it over f airly l ong lines, two 
oppo site stations are being er ec ted} in a f orm approachi ng th e final 
c onstructional design, in pnrall el wi t h a purely l aboratory expe rimenta l 
construction. The c onstruction of this apparat us i s still in progress. 
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'l'he f unct ion of J;his apparac LO.t; .... r b:dcf \.v e xplained below 
on t he b sis of the atta che d "i Low oi' ( ; 'lL· _·-. :1.:~ n d.l.agr-ani : 

T!;,e speech vo.l.tc.ge i ; cm~-r..: l' r o:-r: t ho LsL p hone is ampl ifi e d 
by a f or ke d c a;: · !:'~8 :':· in the j nput ur"!;/ ~ ::" ::: ' ie :c' of' ~~h (; t r ans l:1it t er , 

a )	 'I'aken via c, :?otentiomuter of' a su.i t abl e size via a l ow-pass 
to tho t WJ spe ech sVli t ohes ~ an J 

b )	 Af t er r ectificcction, i s used f or c ont:c'olEng t he n ois e genera
t o~ ~1~ for influeno~Dg the switohing f~equenoy (later, if 
~· O I· · ' 3 sa:'y ; via the :::· ,....l'il'.2.ng -~ j.me c orrpone n t). 

Th _ n oi s e genera t or feeds the t wa n ois e switche s whic h are 
in par-a Ll.e J. \'-".-cl1 the t "N"O speec h swi.t che s . 

1 ~ i,th 'che ob .ie c t ( ) f mov Lng t o the de s i.z-ed f requency bands, 
the speech f r -o queno i.e s are corner-t e d, in accor-dance wi t h the swit ches 
in the r i ng "!: o(;.ul a t or s , w:~ - G h ·~.lJe a i d of the <:;wo carrier f r e que nci e s of 
17')0 and 2700 cycle s. H i s n ot nece s aary t o lead t he n oi s e via 
moduLa t ors] [~ S this f'r e quencv band in pr-o I uc e d from the s t ar t up t o 
t:le br eadth of 2500 oyc Les n ccosaary f or' us i ng t he l L LJ. 

For filt ering out 'c he de s ire-l moduLa t ::.O!l product s or fre 
quency bands , s peech and n o.i.oc a~ 'E: le':' ',' :i.a t ::o ::,"o:r par- a Ll.e L f i l t e r s 
ir. '::' er- t e d c,:G t h3 ut" l;2!Ut 

Th ~ swi.t .ohec of the: filter s 'I ) and 5 ) or 2} an d ~_ : 8.I' al way s simul
tana ou81y ope n or 0.'.os e cL 

lit the outp ut of the ri.Lter-s i s a n amplifier and after that 
a high-pass, whic h reliabJ3 filters out a ll t he freque ncies bel~7 400 
cycles . 

The freque ncy mixt l.tre of 400 - 2500 cy~le s is then passed 
t o ~ b.e Li.ne \,'].. [1. F~ .f J}.'Il{ 8 (~ fJ o. :;~r~~ ,: .:· .I .. 

The control v o.lc age fo r switching over is produced from the 
frequencies of .340 and .34.3 oycles p a ssed over a ring modulator and 
filtered out through a low-pass. £ t wo- stage wnpl i fier that fol lows 
bring s up t he neoessary switchL~ ( p m"cr. 

Of the t \~ generators, the .343 oycle generator is altered, 
by t he influence of the speech in its f'rc quency, up t o .346 cy oLes . 
The .340 cycle generator remcins c onstant and is used a s the carr i er 
for the controlling transmission. For this purpose it is modulated 
wi t h t h e control frequency of 3 - 6 cycles tappe d behind the first 
amplifie r s tage. The oontrol frequency, t ogether ~Q th the speech, is 
passed t o the line via a forked carrier and a band-pass of .300 - .380 
cycles filter breadth. 

Of the speech, the noise and the inooming oontrol frequency 
whic h arrive in th line, all ar-e le d via the line f orked-carrier 
and the l evel-regulator t o -~hc t w" par-D,:'l e l band-pa sses wi. th a fil t er 
...,..~ rl~l.-\ r v-P 1.{*\(\ "" t::. r1fl ~..-er- "": -.. ..-...... ... , ... ' .."V"'I r)cnn ,...,, ~, . ;l J..l 

_ ___1 
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In the ~v~ ring modulators, the respective frequencies, and 
par t i c ul arl y the speech frequency, ere put back into the original fre
quency band wi t h the ai d of the t wo carriers of 1700 and 2700 cycles. 
In order that only the t wo speech frequencies should be audi bl e in the 
receiver, the succeeding svntches are onl y closed al ter na t e l y , synchro
no usIy wi t h the transmitter and wi t h the aid of the control frequency 
transmitted, when the incoming frequency band contains the appr opr i ate 
speech band. 

The speech is then t ak en via an ampl i f i er , and the subse
quent band-pass wi t h a filter range of 20u - 1300 cycles, and via a 
forked carrier t o t he telephone. 

The control frequency is brc~~hed of f in parallel with the 
line f orked-carrier and taken, via the band-pass ,n t h the filt er r ange 
of 300 - 380 cycles to the control-note f orked-carrier and a l evel 
r egulator, t o an ampl i f i er . J;f t el' demodulation, the control voltage of 
3 - 6 cycles is t uken t o the switch" s via a power amplif i er . 

Individual cirouit diagrams are appende d of the oircui t 
elerrents used, inoluding the switoh, the noise gener ator a nd the device 
f or producing the con t ro l frequency. 

-/) The switch makes use of the property posse ssed by CU20 cells, whi ch 
hav e a r esistance dependent upon the direction of the current. J:cc or d
ing t o the polarity of the control voltage} the cells; which ar e arranged 
in a l ongitudinal circuit, e i t her let the current through or block it. 
Two means are used to suppress the residual voltage in the blocked 
condition: 

a)	 J,. short-circuit via the primary wi nding of the out put carrier 
through CU20 cells connected in the oppos i t e way, 

b)	 i . bridge connect i.on c onsisting of a capacity and a resistance, 
f or t aking an equa l l y great an d opposi t e l y direoted voltage to 
the out put transformer. 

2) The noise gener ator makes use of tho occ urr ence of noise in the 
anode circuit by using super-r-egener-at i.ou. A high frequency osci l l at or y 
circui t in the triode portion of the double valve ECH 11 is firmly 
ooupled with a low frequency oscillato:~ oircuit in the hexode portion ' 
by means of the connection between the triode gr i d and the hexode grid 
inside the valve. The osci l l a t i on of the l ow frequency portion lies 
far above the highest frequencies present and used in the noise. 
Further sU9Port f or the superregeneration is af f or ded by the inductance 
of the input transformer of the mvitch, which is present in both anode 
circuits. The closing and opening of the valve is eff ect e d by an 
alt eration in the gr i d voltage throu8h the rectified speech frequencies. 

3) The doubl e valve EDD 11 is used t o produce the control voltage 
with ~ f r e quency of 3 - 6 cycles required for the circuit. The connec
tions of this double valve can be seen from the appended individual 
circuit diagram "Control voltage production". The two separ-ate 
generators of 340 and 343-346 cycles have the familiar 3-point 
circuit; only the dual use of the 340 cycle generator as the carrier 
frequency for the 3 - 6 cycles and as the carrier for transmitting 
the control frequency are shewn in detail, together "vith t he influenc
ing of t he frequency of 343 cycles by the displacement of the grid 
working point of t he valve. 
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Frequency plc.~ l : 

I'oi se 

200 - 1300 cycl es 200 - 2500 cycles 
____II 

2.'0 t he f' our- o utp ut filte :.~s 

15UO  L:CCJ 0 Y ~ I e s 1600 - (25 CJO ) cycl es 

J~ f t e r moduI a tion wiJ;:; h 2 -(OG c voLea 

250C - 1400 cyc l es 200 - 1300 cy cles 




